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Abstract 
The energy-transformation towards renewable energies requires also storage systems to ensure security of supply. Motivated by 
strategies to implement renewables up to 100 % at a regional scale, this paper presents a simulation of the power production from 
a virtual power plant based on 13 photovoltaic plants to integrate the “Power-to-Mobility”-technology, an innovative storage-
technology to compensate fluctuating power production. The aim is to develop a simulation methodology with spatial-temporal 
and electrical parameters for a better management of the storage system. The project is work in progress but first results of the 
simulation show synergies between virtual power plants and Power-to-Mobility.  
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1. Introduction 
The current UN resolution "Transforming our world: the 2030 Agenda for Sustainable Development" in 
September 2015 [1] or the Climate Treaty "UN Conference on Climate Change" in November 2015, Paris [2] point 
out the need of the energy transition towards low-carbon and resource-efficient. Besides the advantages to protect 
the climate and fossil resource, however, new challenges to security of energy supply arise with increasing 
expansion of renewable energy. The challenge mainly concerns the spatial and temporal variations of the energy 
demand as well as in the energy supply especially from wind or photovoltaic. Therefore it is a goal to develop a 
portfolio of different power plants at various locations, to minimize the variations of supply. Despite these so called 
virtual power plants [3], storage systems remain essential to quickly and flexibly respond to changing environmental 
conditions.  
The storage of electrical energy is deemed to be the central challenge for the integration of renewable energies in 
the power grid [4]. Beside the known technologies like pumped storage plants or compressed-air storages [5] the 
focus is directed increasingly on decentralized electric power storages and technologies which allow a change of the 
power into methane [6]. Although these technologies offer a promising potential, the technology is at the moment 
still in the development phase. The presented project analyzes the possibilities to integrate a Power-to-Mobility 
(PtM) plant into a regional power grid. Methane is generated microbiologically in the reactor of the system by using 
hydrogen and CO2. The hydrogen is produced by electricity in the electrolyzer.  The methane can either run into the 
gas distribution system or can be used as a fuel for natural gas-powered vehicles. When required, the process of 
methanation can also be reversed via thermic power plants to generate electrical power. Therefore, an efficient 
coordination with the supply and demand of the current network situation is necessary for both economic and grid 
stability reasons. The aim of the research is to analyze this bidirectional energy flow and its effects on the power 
grid and to indicate potentials for the integration of the technology in existing supply structures to promote thereby a 
further extension of renewable energies at regional scale. 
2. Virtual power plants and storage technologies 
2.1. Demand of the PtM system 
Especially the methane production is viewed as a seminal technology with a high level of innovation potential, 
since the existing natural gas net could be used for storage. In this so called power to gas method, the water-
electrolysis uses electrical energy from renewable sources in order to split-up hydrogen and oxygen. The produced 
hydrogen is used directly or is synthesized into methane with carbon dioxide and so fed into the existing natural gas 
net as synthesized natural gas (SNG). The needed carbon dioxide can be produced from renewable energy sources 
such as biogas or wastewater treatment plants [7]. 
Biological methanizing is a method of microbial conversion from hydrogen and carbon oxide to methane and a 
counterpart for the chemical-catalytic procedure. The methanizing reaction hereby takes place via methanogenic 
archaea and is generally described with the following stoichiometric equation: 
 
4 H2 + CO2 Æ CH4 + 2 H20 
 
In the PtM project (MicroPyros GmbH 2016) the results of the prior technical phase are transferred and further 
developed with extended periphery and additional components in an upscale research facility. The methanation is 
supposed to take place in combination with at least two bioreactors in order to use synergies in concurrence with the 
other plant components (methane storage, gas purification) as well as the integration of the electrolyzer into the 
power grid (Fig. 1). For the operation of the electrolyzer renewable energy is supposed to be used and, at the same 
time, the hydrogen storage is to be technically small and efficient. Either a market-oriented real-time regulation of 
the facility or the integration into a virtual power plant will be used in order to ensure a tailored to need power 
supply. Both development options for the first time lead to a flexible and economic mode of operation of a complete 
power to gas facility, where either cost-efficient excess current or in-house produced power is used. 
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Fig. 1. Flowsheet of the intended process of Power-to-Mobility project. 
The speed of the methanation process can be adjusted via physical, chemical and biological settings. While the 
physiological important parameters for the microorganisms like temperature, pressure and pH should be at an 
optimum, the changes of the gassing rate and the stoichiometry of the educt gases pose regulation variations (Table 
1). Further modes of operation are operating with a discontinuing H2 supply as well as the total cut-off of the gas 
and process-heat supply in the reactor. Fig. 2 shows that basing on historical data from the technical phase five 
curve gradients, of which four show extraordinary modes of operation (broken lines) and the solid line shows a 
cyclical methanation at hyperstoichiometric relationship and medium load (mainly via the gassing rate) are seen as 
regular operating mode. 
 
     Table 1. Listing of controllable modules with the respective regulatory options 
PtM system components  dependence control options 
Electrolyzer dependent level of load 
Hydrogen storage dependent volume, pressure, speed of filling/compressing 
Biochemical reactor dependent volume, pressure, operating condition (full load, partial load, cascade, 
concurrent operation, individual operation), stoichiometry, gassing rate 
Methane storage dependent volume, pressure, speed of filling/compressing, gas purification 
 
 
The graphs of the down-regulated scenario show situations where only the smallest amount of oxygen volume is 
at hand. Here the adjustment of the methanation is ensured on the one hand in the continuing system operation 
through reduction of the stoichiometric rate (broken line) or on the other hand via a discontinuing oxygen supply 
after long plateau phases with a methane level aimed at 98 % (dotted line). The graphs of the up-regulating prove 
that via the ruling of the gassing rate - and thus an increased load towards full load - the methanation facility with 
increase of gassing (reduction of cycles) reacts (long broken lines). Also the start up after a long standstill with 
deactivated reactor heating shows with 33 % extents of utilisation and in parallel running heating of the system a 
quick responding behaviour (dotted broken line). 
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Fig. 2 Visualisation of the methanation process with different control options (empirical data from the pilot plant) 
The behaviour of the operation modes described is the basis of the PtM project in order to optimize the facility 
regarding the grid integration. In addition to emergency scenarios, which also deal with an outfall of the electrolysis 
and the microorganisms, there are defined several regulatory scenarios. These look at different load profiles, 
reference states and minimal supply. For the operation of the PtM facility a nominal operating modus is defined 
which orients itself on the electrolyzer. The electrolyzer is partial load capable and is run in optimum operating 
mode at highest output (݅ = 80 %) at 30 %. 12 Nm³ hydrogen are produced in an hour. In a stoichiometric oriented 
operating mode below the nominal ratio it equates to 3 Nm³/h. 
This means that at full load operating 40 Nm³/h are possible. The current reaction time of the electrolyzer is about 
20 sec (Fig. 4). Together with the hydrogen storage and the ruling of the biological methanation, the ruling of the 
electrolyzer offers a vast operating potential of the PtM plant. Here we must find efficient constellations, which on 
the one hand utilize power efficiently and on the other hand make available the best possible conditions for the 
microorganisms during the methane production. 
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2.2. Simulation of power generation from renewable energies 
The developed software VKW (Virtuelles Kraftwerk Wald) serves for the simulation of the energy output from 
the regional decentralised power plant composite. The software enables to summarise existing plants of renewable 
energy as well as planned energy systems and to calculate an energy output graph in 15min-intervals. The 
methodology of the simulation is, for the photovoltaics used here, described by [8] and [9]. Beside the plant specific 
parameters environmental factors are also considered on the basis of historical weather data (Test Reference Years 
of the German weather service) and temperatures. Below results of a simulation of 13 photovoltaic plants in the 
district of Straubing-Bogen (Lower Bavaria) are shown (Fig. 3), which differ concerning the location in different 
TRY regions as well as concerning the respective orientation and inclination (Fig. 4). The energy plants have 
approximately the same peak power (from 26.0 to 45.9 kWp) and an overall performance of 404.8 kWp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Spatial distribution of the power plants 
Only by this virtual combination of the power plants and their individual energy output graphs the variability of 
the energy production can be reduced substantially. This is due to the different weather conditions at the locations 
and to the different orientations of the plants, which are represented in green (west), yellow (south) and red (east) 
lines in Fig. 4 on the left side. To illustrate the added value of the virtual power plant, the summed values of 13 
photovoltaic systems are compared with a single PV-power plant of the same size (400 kWp). For this a single PV-
plant is simulated with the software VKW at the site of the PtM system. The results show a significant increase in 
production curve of the virtual power plant, resulting in considerable efficiency potential in the dimensioning 
possible photovoltaic plants to supply the PtM system. In addition to the absolute level of production, there is also 
efficiency potential in terms of temporal variation and therefore in terms of a coordinated management of the PtM 
system (Fig. 4). 
However, to further stabilise the supply graph, it requires other (renewable) technologies. For example the day- 
night production cycle of the photovoltaic technology does not allow a steady electricity supply. Nevertheless the 
combination of the PtM consumption patterns with the elective composition of PV-plants enable new possibilities 
on the one hand for the operators of the PV-plants and on the other hand for the PtM system by having new 
operation models to management the methanation. 
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Fig. 4. Simulation of power production (13 PV plants) and consumption (PtM) 
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3. Idea of the electrical analysis 
For a discussion of the influence from a virtual power plant in a regional supply structure, the analysis must be 
expanded. Mainly relevant is the outer field of the PtM plant, by simulating the load flow in the power grid around 
the plant. The surrounding power grid should contain all necessary parameters for the consumer loads, producers, 
distributors and grids, to simulate on this basis the integration of PtM. Therefore the aim of the further research is to 
develop a methodology for GIS-based temporal modeling of the power grid. This will serve to optimize on the one 
hand the site planning process for the new PtM technology and on the other hand to integrate the PtM plant in a 
sustainable energy infrastructure. How these storage solutions can be integrated into supply structures is discussed 
by [10], dealing with the analysis of different storage-technologies using simulations based on high-resolution real 
network data. Intention is to reach a share as high as possible of renewable energies in the exemplary study area of 
the distribution system operator Stadtwerke Ulm/Neu-Ulm Netze GmbH. Based on simulation models witch differ 
concerning their structural construction, the number of transformers and the PV penetration, load flow calculations 
are carried out. Both historical and current network situation can be analysed to develop an efficient transformation 
path of the energy system. 
The project „DG DemoNetz-Konzept“  funded by the Austrian Ministry for Transport, Innovation and 
Technology (BMVIT) within the frame of „Energiesysteme der Zukunft“ aims to develop different voltage 
regulation concepts for distribution grids and to work out solution models for the integration of the increasing 
number of decentralized electricity feeders without any loss of quality [11]. The project demonstrates exemplarily 
how an active distribution network has to be realized as a model for future net structures with innovative solutions. 
[12] mention that different charging strategies have significant influence on the peak load of e.g. a settlement and an 
intelligent IKT (information and communication technology) allows an interesting influence of the energy provider 
on the settlement daily load profile.  
Basis of such analyses are suitable net simulation tools as well as the recording and processing of net-, 
generation- and load data plus information about the secondary technology. In the future it will therefore be 
necessary to use intelligent control and regulation mechanisms which then operate as an active distribution network. 
Therefore our modeling approach is based on a combination of the applications QGIS, for geographical and 
topological energy supply structure and Open Distribution System Simulator (OpenDSS) for power grid modeling. 
OpenDSS is an open source electrical system simulation tool, which supports analyses commonly performed for 
utility distribution systems planning and analysis. The geolocalization and geovisualization is performed with QGIS, 
while the power flow is entered geographically properly on the grid. The planned temporal resolution is 15 minutes 
per timestamp. This improves the process of the location decision for storage systems like PtM just as for other large 
energy producers and consumers. To analyse the impact of technologies like PtM on the power grid, the persecuted 
model (work in progress) requires electrical and geographical parameters which will be quantified by the city of 
Straubing.  
4. Outlook 
The transformation of the energy sector towards decentralized renewable energies requires also storage systems 
to ensure security of supply. The presented results of the PtM technology show the potential of the innovative 
storage-system to compensate the fluctuating power production from renewable energies, especially from 
photovoltaics on the side of the storage systems. At the same time, the simulation of the virtual power plant 
consisting 13 PV plants with different locations and different orientations indicates a efficiency potential on the side 
of the power production. Therefore both technologies, virtual power plants as well as flexible storage systems, are 
important components for a sustainable smart energy supply system.  
For a better understanding of the local impact of the PtM system on the power grid, the presented project will be 
expanded by an electro-technical analysis. Aim of these extensions is to develop a simulation methodology with 
spatial-temporal and also electrical parameters. The modelling approach bases on a combination of the open source 
software QGIS for the geographical and topological energy supply structure and OpenDSS for the grid modelling. 
After development, the application will be benchmark with commercial solutions e.g. PSS Sincal and ESRI ArcGIS 
and tested for the pilot plant near Straubing, Germany. 
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